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ABSTRACT

ihis report tabulates sources and strengths of earthquake T rhas~s
recorded by hydrophcne net during the VELA UNIFCRM Aleutian Islands
Experiment (August-September, 1964). In a thirty-seven day perici, 65k
earthquake locations were found “or the entire Pacific, of which 184 were
in the Aleutians. Comparisen of T-thase strengths with earthquake magni-

tudes suggests a threshold about magnitude three for location by hydro-

thone net.




Introduction

An extensive urderwvater detcnation prcogram wes urcertaken in August
and September 1964, for the primary purpose of calibrating a network of
land and oceen-bottom seismograrhs established in the Aleutian Islands
(Gerlach, 196L). The actual period of detonations was 30 August to 21
Sepleaber, 1964 (Gray and Tocher, 1964).

The T-phave project at the Hawaii Institute of Georhysics is commerc-
ing a routine program for the determinatinn of T-phase sources by means cof
arrival times at a SOFAR hydrorhone network. These determinations will be
published at regular intervals as the program beccrmes opersticnal.

Bercause of the srecial interwst in Pacific seismicity during the VELA UNI-
FORM Aleutian Islands Experiment, those events lecated for the reriecd 15

August to 21 September, 1964, are listed in this report.

Computational Method

The tubulated solutions were ottained on the IBM 7OLO computer at the
University of Hawaii Statistical and Computing Center. The ccmruter
pregram is in the precess of refinerent and will te the subject of a later
report. It will be discussed only briefly in this report.

The program obtained, by iteration, the gecgraphic position which gave
the winimum variance fer a set of origin times as computed for the ith

hydrophcone by the formula:

for origin time H, arrival time T, distance to the bydropheone S, and

average velocity V between region k and the hydrophene.




Seismic belts in the Pacific were divided into 29 regions for the

purpose of indexing SOFAR velccity. The sets of velocities assigned each
region were determined by explosion travel-time calibratior whers possible
and from hydrographic deata wiere expicsion calibratioa was not available
(Johnson and Norris, 196k). Reglons where explosicn calibrations were

available are the Andreanof Islands (Aleutians), Haweii, and Califcrnia.

T-Fhase Strencth

A rower level, in decibels relative to 0.1 microbar; is listed ag e
reasure of T-phase strength. This level 1s calculated for a distance of
30 degrees from the source. The level measured at each hydrcphone is

reduced to that disteiice by tne formula:

sin 9
L.o~o = L = 10 log

+ A(9 - 30°)
30 0 sin 30° ( :

where 6 is tne distance in degrees from the scurce to the hydrophone; L300
ani L8 are the peak levels, in decibels, at diastances of 30° and §; and A
is the attenuation equivalent to 1.6 db per megayard. On the righthand
side of this equation, the first term accounts for spatial spreading over
the earth's surface (cylindrical near the source), and the gecond term
acccunts for losses as rensured in the Atlantic by Urick (1963). Signels
from impulsive sources, as explosions, would require a third term to account
fcr time spreading of the SOFAR signel (Urick, 1963); hcwever, for T phases
the source 1is extensive in both time and space and the effective duration
of the peak is of the saze or greater order than the rise time. Therefore,
time gpreading does unot significantly reduce the reak level of T phases.

As tha hydrophores and amplifiers used shift the peak of the T-phase power
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spectrum to about 10 cps, thls frequency wes uscd in calculating loss and in

reterring the racorded level to pressure.

In rmony cases, the level measured at a particular hydrophone is influ-
enced strongly by shadowing from locsl featurcs, In tebuiating a strength
for a particular T phase, the level for each hydrophone was reduced to the
standord distance and the hydrophone giving the maximum level wes selected
as being the least influenced by local festures and therafeore the most
representative. It should be noted thet no sllowance is made for differences

in efficiency between the various propagation paths nor for varistion in

radiatcd energy with azimuth st the scurce,

The most obvious flew in this system is that it is too sensitive to
human error. It is noted thaet severel events ere listed at strengths of
80 db or more, As these levels exceed the dynemic range of the recording
equipment, they should be disregarded. The method of computing T-phase

strength will probably be revised iz the near future,

The reletionship between T-phase strength and eesrthquake megnitude is,
as yet, obscure. It appears that the strength of the T phase 1s heavily
influenced by the location of the earthquake focus relative to continental,

island, or seamount slopes (Johnson et al, 1963: Northrop, 196L),

Method of Anelysis

The T-phase source 1s considered to be that area of the ocean bottom
from whicn acoustic energy is rediated into the SCFAR chennel, As the
mathematical solution ettempts to find & peint source, its position may be

at variance with that of the radiator. Neither of these positions will




ne _cssarily colncide with the earthquske epicenter as one radiator may serve
7 - eplcenters threoughout a given region. For & single earthquake, multitle
peeks in the T phase is assumed to represent multiple radiators. Presumably,
8 sevarate T-nhase source location could be cstablished for eech peek,
Multiple radistors are identified and distingulshed from multiple earthquakes,

by noting that the peak spacing varies frcm hydrophone to hydrophone,

The appearance of the T-phase power-level record varies considerably
from event to event and less so from hydrophone to hydrophone. To insure
reliapility of identification of corresponding events, all records are viewed
in synclrony on  table modified for this purpose. The time normally read
is that of the peak power level, This peak may be quite sharp for scme
events or quite broad for others. Feor events with multiple peaks, that peak
is recad which appears %o be best identified with peaks recorded et other
stetions, This peak may not be the highest at all stations. In fact, if e
minor peak is sharper at all hydrophones, it will be preferred as giving
the least uncerteginty of arrivel time,

The charts were recorded at a .peed of 0,25 ma/sce from Pacific Missile
Range hydrophones neer Fniwetok, Wake, Midway, and Oazhu. For some events,
arrivel times at a CTalifornia hydrophene were included., All the hydrophones
are placed at or near the depth of minimum scund velocity, the ax 5 of the

SOFAR channel,

Hesults
For the entire Pacific area, 654 sources oi earthquake T phase were
locaced. This is 'r average of about eighteen per day for the 37-day period.

Of these, 184k were from the Aleutian aree, The Alcutian events are licted
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in Table I and the ren®ining events in Table II. An explsnation of the

tebles 1s on page L vhich precedes Teble I,

Tr» gecmetry of the fixes, with hydrophones in the center of the Pacific
and sources around the perifery, gives an aree of uncerteinty which is
usually elongcted on an axis normal to the Pacific rim. The degree of elonga-
ticn varies inverscly with the distribution in azimuth of the hydrcphones.
For some areas, notably Central and South America, the distribution in

azimuth was celdom sufficient to obtein satisfactory f{ixe-.

In & fcw cases, where it was desired to report the detection of T phases
from an earthque..e but a satisfactory fix could not te obtained, the nearest
likely poeition is listed in the tables. These cases are ~ecognized by the

tebulation of time to vhole minutes end of position to whole degrees.,

T phasce from the Gulf of Alaska area ore not sharply received at Wake
and Eniwetok because of the shadow cast by Kodiak Island., Although Midway.
end Cshu received many T phaces from this area; the sources cculd not be
satisfactorily fixed without refercnce to errival times at & California

hydrophone,

An unexpected degree of precision wa:- obteined in locating two carth-
guekes in the South Pacific Cordillere, These events, numbers 44O and Ll
of Table II, were about 95° (two hours travel time, from all hydrophones,
jincluding the one at California, The Ccast &nd Geodetic Survey reported the
epicenters at 49,5 S, 116,2 W, and 49,6 S, 116.2 W, Tne T-phase fixes, both
at 49.3 5, 116.5 W, were about 0,3° from thesec nositions., The T-phase

origin times averaged 11 seconds later than the lListed esrthquezke origin times.
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Velocities used in this calculation were obteined by averaglng ecross the

SOFAR velocity chart of the Pacific Oceen (uchnson aud Norris, 196hL).

Detection in the gouthwestern Pacit'ic was spotty, due, primerily, to
the number of intervening islands between sources and receivers., Results in

thie area should b= interpreted very cautiously.

Aleutians

Generelly good results were obtelned in the sector frem the Alsska
Peninsula to Japean., The events listed in Table I (Aleutians) are plotted
in Figures 1 and 2. Locaticns are indicated by the serial number frem tae
table, Circled numbers indicate the epicenters for corresponding events

reported by the Coast and Geodetic Zurvey,

The positions lie generally faerther ncrth than would be cxpecied fram
bathymetric consideraticns. This systematic error may ve ascribed to ths
areal extent of the T-phase radiatcr which mekes the computed point source

appcar behind the Aleutian slope.

About 76 events, nearly half of thosc for the entire Aleutians, are
frem a8 source off Uralaske Island, This area is plotted on an enlarged mep
in Figure >, It may be assumed that these events were actually all from
one radiator and that the observed scatter is an indicetion of the relative
sccuracy of the fix, Zfacordingly, the meen latitude and standerd deviation
was calculated for all fixcs lying between 16€ W and 168 W which >re loceted
by six or more hydrophones and with stendard deviations of origin time less

v Jatorade

than 5.3 seconds. Fifty-seven events, ranging,.frcm number 7 to number 91,

fell within these criteria., The mean latitude wag 53.25 N with a sta-dard
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deviation of 0.53°, The location of the mean is about O.3° inshore {rom the
zone in which T-phase generation is assu...d to take place.

Eight shots in the Aleutian series, ranging in weight from 2,200 to
6,800 pounds, were fired on land. T-phases were detected from none of these.

Twelve eveats reported by the Coast and Geodetic
correlate with T-phase sources. These are listed in Table IV, and the corre-
sponding events are indicated by asterisks in Table I. Figure L contains a
plot of magnitude (as published on the USC&GS Preliminary Determination of
Fricenter Cards) versus T-phase strength for 11 of these events and also a
histogram of T-phase gstrength. As magnitude is a logarithmic scale of an
amplitude measurement and T-phase strength is a logarithmic scale of power,
one mizht expect a slope of 20 db per order cf magnitude for & line relating
the two. As might ve expected, the scatter in the present data is zgreat and
the lire drawn in the figure is i.itended only as a rough estimate., The

histogram suggests a threshold for location at a T-phase strength about 20 db.

It is further suggested that this corresponds to an earthquake magnitude 3.

SOFAR location of Air Drops

As a check on the program, fixes were obtained for 21 explosions from
air drops in the Aleutian shot series. The results are listed in T-:ble TII
and can be compared with the tires and locations reported by the aircraft
(Gray and Tocher, 196L). The mean deviation between computed and reported
origin times is B seconds which corresponds to about 12 kilometers or 0.1
desree of great circle. Individual deviations were as hizh as 30 seconds

(shot 79).
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Explanation of Tebles I, II, ITI

Column 1. SER InTables I and II this is a serimrl number assigned
chronologically, 1In Table ITI it is the serial
number listed Sy Gray and Tocher (196L4), Arn
asterisk to the left of the serial number indicates
that the event is also listed in the Freliminary
PDetermination of Epicenter Cards by the Coast and
Geodetic Survey,

Columns 2 to 6, MPHMS  Greenwicn mean origin time.

Colums T and 8. LAT LONG Geogrephic coeordinates of T-phase source,

Column 9, AREA This rame is for the region used in indexing
velocities. It is not always descriptive of the
location in columns 7 and 8.

Calumn 10, SD Standard deviation of origin time..

Column 11, NO Number of hydrophones frem which arrival times
were read,

Column 1Z. DB Maximum T-phase strength relative to 0.1 micrechar

HAD
at 307 from source,




TABRLE 1 / PAGF |

EARTHQUAKES LOCATED BY T PHASE 15 AUG I 21 SeP 1964
AYEUTIAN ISLANDS

SER ¥ 0 H » § LAT LONG AKCA SD NG DR
1 AUG 15 2 22 13 52.5 N 179.4 W EAST ALEUTIANS 5.3 11 63
2 AUG 15 2 55 24 52.8 N 167.4 W FAST ALEUTIANS 4.7 8 47
3 AUG 17 9 25 37 53.0 N 169.9 W EAST ALEUTIANS 5.1 11 24
4 AUG 17 12 43 13 50.8 N 167.8 W FEAST ALEUTIANS 5.3 9 39
S AUG 17 16 38 36 51.8 N 179.1 £ REST ALEUTIANS 6.0 11 64
6 AUG 17 20 53 20 53,2 N 1673 » FAST ALEUTIANS 5.4 11 4n
T AUG 17 21 41 23 1.8 N 167.3 n EAST ALEUTIANS 2.5 11 42
8 AUG 18 10 10 22 53.1 N 167.6 W EAST ALEUTIANS 1.3 10 56
9 AUG 183 13 45 52 N 172 W EAST ALEUTIANS R 4]

I1C AUG 12 15 56 35 53.7 N 173.2 W =AST ALEUTIANS 2.9 11 44
11 AUG 19 1 58 11 53.6 N 165.0 w EAST ALEUTIANS 2.9 17 39
12 AUG 19 17 15 12 52.2 N 173.4 W EAST ALEUTIAAS 2.0 10 A2
13 AUG 20 2 18 0 53.7 M 164.3 W EAST ALEUTIANS l.4 10 54
14 AUG 20 3 581 5 52.6 N 175.5 W EAST ALEUTIAANS 4.3 10 49
15 AUG 20 4 14 35 54,0 N 1646.1 W FAST ALEUTIANS 1.3 11 59
16 AUG 20 § 12 54 51.0 N 179.0 W. FAST ALEUTIAKS 2.8 9 47
17 AUG 20 9 59 7 5%.4 N 1lobeH W HAST ALEUTIANS Te5 1 44
18 AUG 20 22 25 51 54.3 N 163.8 W CAST ALEUTIARAS [el 6 43
19 AUG 21 0 19 53 N 166 W EAST ALEUTIAKS 5 34
20 aycC 21t 8 4 39 53.3 N 1642 W AT ALEUTIANS 1.0 B G
21 AUG 21 9 17 37 52.2 N 173.5 w FAST ALEUTIANS 8 4 30
22 AUG 21 13 27 32 51.0 N 17842 W EAST ALEUTIANS 4,7 9 4@
23 AUG 21 16 35 22 S53.4 M 169.1 w  EAST ALEUTIARS el T 4R
24 AUG 21 19 ¢7 2 53.5 N 173.1 w 257 ALEUTIAN C.9 o6& 3!
25 ALG 21 22 35 45 51.3 11 179.8 + DAST ALEUTIAGS 3.7 &6 4l
26 AUG 22 1 22 52 S52.7 ¢ 178.4 w ©2ST 2LEUTIERS 2.0 6 th
27 AUG 22 10 13 33 S6.3 M 1704 W FEAST ALEUTIALS 3e8 10 an
253 AUG 22 15 55 57T S51.0 v 177.3 » 25T ALEUTIAGS 262 E 16
29 ANG 23 11 14 45 S3.F 1673 n  =aAST ALEUTIANS 2.2 10 Hn
3C AUG 23 12 20 ST 52.0 % 17649 w 1L AST ALCUTIANS 340 7 i
11 AUG 2 12 3C 46 572.9 N 167.2 w  DAST ALEUTLAMS 2.3 6 9
32 AUG 23 1% 41 3G 93,5 N 1eT.4 W FAST ALCUTIANS led 9 20
33 AUG 23 15 41 58 53,5 . 1&8T7.4 W o AST ALEUTIATS le2 < %/
34 AUG 23 19 42 6 53.7 N 1eTes W tAST ALLUTIANS 1.9 9 %%
5 AUG 23 15 47 2% 5343 % 1tT7.4 w EAST ALRUTIAMS 1.5 9 o7
36 AUG 23 1% 4G 10 53.3 L 1675 W TAST ALEUTIAMNS 1.6 7 =1
57 AUG 23 23 33 27 52.7 - 173.9 w  EAST ALEUTIAETS .0 9 37
35 AUG 24 1 7 34 53,9 % 1u3ed +w LAST ALEUTIA S o2 T 45
36 AUG 24 & 36 29 52.8 v 17342 w  EAST ALLUTIASS 1.3 4 37
4C AUC 24 3 32 2% 534 v 173.2 w FAST ALFUTIAY S 13 & %
41 AUG 24 23 55 13 S1l.6 v 117.0 & tAST ALrUTIAMNS 3.0 7 )
42 "G 2% 10 96 246 52.0 N 17649 W CAST ALEUTIATS 2e9 7 34
43 AUG 26 17 31 30 S3.7 M 163.Y W CAST ALTDUTIARS L7 7 3
44 AUG 26 17 =20 59 51.7 % 1767 w  ©=AST ALEUTIAMS 1.3 3 479
45 AUC 27 3 6 3C 93.2 %N 16740 W ~AST ALERUTIAANS Ze3 8 90




TABLE I /7 PAGE 2

SER M D H M S LAT LONG AREA SO NCO DB
® 46 AUG 27 3 1C 4 53.4 N 1¢7.1 W EAST ALEUTIANS 3.3 11 60
47 AUG 27 4 58 53 N 165 W EAST ALEUTIANS 4 61
48 AUG 27 S 28 26 53.9 N 166.6 W SAST ALEUTIANS 5.3 T 44
49 AUG 28 0 10 50 52.0 N 170.5 W t£«°T ALEUTIANS 4,3 T 32
50 AUG 28 0 14 38 S51.9 N 170.3 W EAST ALEUTIAANS 5.9 8 33
51 AUG 238 1 24 8 52.9 N 167.3 W EAST ALEUTIANS 14 7 40
52 AUG 28 17 3% 32 53.1 N 167.2 W EAST ALEUTIANS 1.0 5 39
53 AUG 28 20 40 38 54.3 N 163.8 W FAST ALEUTIANS 2.2 10 40
54 AUG 28 21 17 38 53.3 M 167.1 W <cAST ALEUTIANS 1.7 & 40
55 AUG 29 3 36 60 53.2 N 167.2 W EAST ALEUTIANS 2.8 10 50
56 AUG 29 4 5 55 S51.7 N 167.3 W EAST ALEUTIAANS 0.2 5 37
5T AUG 29 5 11 40 49.3 N 167.4 W EAST ALEUTIANS 0.9 5 136
58 AUG 29 5 16 48 933.2 N 167.2 W ©£AST ALEUTIANS 1.9 10 49
59 AUG <9 S 18 13 5 .2 N 167.3 W EAST ALEUTIANS l.4 8 40
60 AUG 29 15 48 27 Slel N 167.9 W EAST ALEUTIAAS 6.2 8 39
61 UG 29 18 36 26 53.6 N 170.5 W EAST ALEUTIANS 1.5 11 48
62 AUG 29 20 42 43 S2.6 N 170.7 W +HAST ALEUTIANS 1.4 10 41
63 AUG 29 20 51 40 53.0 N 167.2 W EAST ALEUTIANS 0.7 6 41
64 AUG 30 2 1 2 513 N 179.4 B wWEST ALEUTIANS 0.6 7T 4l
65 AUG 30 8 11 12 49,7 N 175.9 E WEST ALEUTIANS 14,9 9 50
66 AUG 30 20 40 59 53.4 N 16T7.0 W EAST ALEUTIANS 3.7 6 42
67 AUG 30 20 42 29 53.2 N 167.2 W EAST ALEUTIANS 2.0 6 41
68 AUG 30 20 44 34 53.4 N 167.1 W EAST ALEUTIANS 1.2 6 4l
69 AUG 30 21 48 25 S1.6 N 167.3 W LEAST ALEUTIAANS 0.1 5 o7
70 AUG 31 4 51 58 5Z.6 N 170.3 W TAST ALEUTIANS 1.2 8 49
71 AUG 31 6 19 12 54.2 & 163.7 W EAST ALEUTIANS 1.3 8 49
72 AUG 31 14 32 56 53,4 N 1672 w EAST ALEUTIANS 1.0 11 >0
T3 AUG 31 15 4B 4C 54.8 N 167.0 W EAST ALEUTIAAS | O Y4
T4 AUG 31 16 S5 2 93.4 N 167.3 W EAST ALEUTIARS 2.0 11 53
75 AUG 31 16 € 49 53,0 N 157.3 W CAST ALFEUTIANS le4 6 39
76 AUG 31 15 8 10 52.9 N 16T7.4 w FAST ALEUTIANS 3.0 7 4e
» 77 AUG 31 23 19 S1 52.3 N 170.6 w EAST ALEUTIANS 2.0 11 &7
78 Skp 1 0 32 3 Sles N 1759 L ¥oST ALEUTIAAS 2.2 11 62
19 SkP 1 8 25 53.5 1 164,5 w  CAST ALFUTIAMNS 2.9 8 3%
30 SEP 1 14 2 46 53,5 N 167.0 W EAST ALEUTIANS Zel IC 49
31 SEP 1 1% 47 2 57.6 N 173.8 W ©AST ALEUTIAMNS 3.0 10 65
B2 StP 1 17 16 56 51.1 ~ 170.7 W FAST ALRUTIANS 3.2 T 41
# A3 SEP 1 17 17 13 52.1 ¥ 172.4 w CAST ALEUTIAANS 3.8 11 61
84 SEP 2 1 55 2C 534 N 16649 W cAST ALEUTIAMS he3 T 42
45 SEp 2 4 5 26 50.4 N loTed W  EAST ALEUTIAMS 0.6 5 33
B6 SEP 2 1% 31 50 52.1 M 17344 w EZAST ALEUTIAMS legd 6 19
A7 SEP 2 16 13 21 56,0 N 166.1 w EAST ALEUTIANS el 2 4b
38 Step 3 6 47 35 53.2 ' 1678 W ©AST ALEUTILIAN, o2 7 AL
29 SEP 3 333 46 5343 N 166.T & CAST ALEUTIANS del T 4
9C StP 3 10 52 35 Sle4 ' 1737 f  we ST ALTUTIANS 3.7 11 50
31 SEP 3 11 15 54 55,4 N 1667 n  ~AST ALEUTIASS teb 9 93
92 SthP 1 12 35 41 51.9 % 17649 w  -AST ALUUTIAMNS 1.9 11 %3
I3 SIP 4 17 14 272 53.5 N 16b.4 W CEST ALLUTIZ™S led 1L 41
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TABLE Il /7 PAGE 5

SER M D H M S LAT LONG AREA 5D NO ©8
190 SEP 1 9 47 32 22.0 5 119.8 W GALAPAGOS 2.0 5 55
191 SEP 1 11 33 23 3.6 N 50.4 W ECUACDOR 1.3 8 58
192 SEP 1 11 40 37 47.7 N 15%4.7 E KURILS 1.7 5 34
193 SEP 1 15 45 2 16.3 S 171.4 W SAMOA 1.0 &4 49
194 SEP 1 15 45 56 15.1 S 171.9 W SA&MDA 1.9 4 40
195 SEP 1 16 56 6 17.8 N 149.8 £ MARIANAS 2.4 & 2
186 SEP 1 17 15 32 52.4 N 150.,7 W KCDIAK [SLAND 1.1 8 47
197 SEP 1 17 56 16 46.8 M 152.1 L KURILS 3.8 10 39
198 StP 1 19 50 36 N 122 W CALIFORNIA 5 50
199 StP 1 22 33 26 36,7 N 121.7 W CALTFORNIA 1.6 10 51
200 SEP 1 22 50 8 54.7T N 161l.4 I KAMCHATKA 2.5 11 67
201 SEP 2 1 58 36 v 122 ¥ CALIFORNIA 10 44
202 srp 2 7 41 59 58,0 N 149.1 W KCDIAK iSLAND 1.2 S5 37
203 SEP 2 11 2 5 39.4 N 1«41.8 E JAPAN 0.2 4 41
204 S:zP 2 12 8 3 6.0 N 97.9 W SALAPAGOS 1.6 7 56
2C5 SEP 2 14 35 1 52.7T M 159.0 t KAMCHATKa 3.0 11 45
206 SEP 2 18 4¢C 2 N 80 W ©CUACCR 7 63
207 SEP 2 20 43 11 45.5 N 148.,9 £ HCKKAIDO 1.2 9 42
208 Sep 3 4 1 26 52.2 N 158.6 £ KAMCHATKA 1.9 10 41
209 SFP 3 4 T 29 22.0N 121.3 vt TAIWAN 1.0 7 a7
210 SrP 3 5 32 27 49.9 N 131.9 W VANCCUVER 1.1 11 61
211 SEP 3 6 5 2 50.2 N 131.2 W VANCOUVER 3.2 10 36
212 Stp 3 T 27 22 49.8 N 132.1 W VANCCUVER 2.6 11 52
2i3 SEP 3 9 31 19 55.4 N 152.2 W KCDRIAK ISLAND 1.3 10 57
214 SEP 3 10 20 55 1C.3 5 172.7 E SAMQOA 3.7 6 57
215 SEp 3 10 22 31 8.1 S 172.2 £ SAMOA 4.1 7 53
216 StP 3 11 24 43 N 125 W CALIFORNIA T &r
217 SFEP 3 11 49 43 N 127 W SAN ANDRFAS FXT 11 71
218 SEP 3 13 42 38 56.3 N 147.1 W XCDIAK ISLANC 1.6 10 60
#219 SP 3 17 3 22 11.9 S 175.2 W SAMDA 6.3 7 54
220 SEP 3 22 59 49 5%.3 N 153.5 W KUDIAK ISLAAD 3.2 10 56
221 SEP 3 23 58 43 50.4 N 129.7 Wk VANCCUVER 1.2 10 42
222 SP 4 0 J 46 50.6 N 129.7 W VANCCUVER le4 10 5D
223 SEP 4 c 1 50 N 1273 w VANCUUVER 9 39
224 STP 4 0 B 20 5042 fi 156.7 & KURILS el 11 44
#2725 SEP 4 1 26 4 S 154 F  BISMARCK 4 45
226 SeP 4 2 52 27 46.9 N 148.9 F HCKKAIDD 0.8 5 40
22T 5-P 4 3 3 3 45.0 N 150.3 £ HCKKAILIDO 0.8 6 3¢
#2728 SEP 4 4 10 24 5R.9 KN 139.2 w GQUEEN CHARLCTTE 3.3 9 49
229 SFP 4 5 8 55 Mo167 E KAMCHATKA B 54
230 S=P 4 5 51 33 4.6 N 143.3 0 HCKKAIDC 4.3 10 51
#2311 SEP 4 5 13 54 b5l.b N 1%9.5 F KAMCHATKA 8.6 11 o2
#232 StP 4 9 44 21 17.9 ¢ 75.9 W PIRU 3.6 9 57
233 SEP 4 17 ST 54 21.2 " 1183 t TAIWAN 1.5 5 39
234 SEP 4 13 50 19 33.9 M 140.1 v JADAN deD T 54
#2315 5¢P 4 17 11 2 Deh 95«9 W GALAPAGOS 2.4 60 53
236 SEP B C 12 3% 49,3 » 152.1 F KURILS 4.5 6 o6l
237 sEP 5 2 0 49 15%.% S 105.5 W GALAPAGCS 4.6 5 K¢



TABLE I1 / PACE o

SER M D H M § LAT LONG AREA SO NY DB
#2238 SEP 5 2 58 28 29 S 157.7 B HISMARCK 2.9 v
236 Stp 5 4 43 21 50.0 N 141.8 W QUEEN CHARLCTITL 2.1 11 7?6
24C SEP 5 8 52 52 53.6 N 153.4 F  KURILS 5.3 10 33
241 S5YP 5 14 10 57 S8.5 N 19%8.,7 t KAMCHATKA 3.0 5 21
242 SEP 5 1% 16 24 47.7 N 144.7 ©t HCKKAIDC 1.9 6 28
243 SeP 5 16 7 20 S4.8 N 194.0 W K(DIAK ISLAND 1.0 5 28
244 SFP 5 17 28 13 57.9 N 160.7 W KCDIAY ISLAND 2.2 6 47
245 SFP 5 19 37 57 35,3 N 14l1l.7 £t JAPAA 0.3 5 22
246 SEP 5 23 15 21 49.7 N 128.4 W VANCPUVER 1.5 11 57
247 SEP 6 4 18 5 55%.5 N 163.7 t KCMANDORSKIS 1.2 7 26
248 SEP 6 5 21 43 60.6 N 135.7 w QUEEN CHARLCTTE 2.0 7 47
249 StP 6 15 8 3 7«2 S 104.5 W GALAPAGOS 1.6 4 38
250 SEP 6 15 16 27 6.0 S 107.4 W GALAPAGQOS O.4 4 33
251 SEP 6 1% 20 37 7.8 S 102.5 W GALAPAGQOS 0.2 4 43
252 SEP 6 15 27 43 T.7 S 102.1 W GALAPAGGS 1.1 &4 35
253 SEP 6 15 31 49 6.3 S 106.6 W GALAPAGCS 0.2 4 35
254 SEP 6 1% 317 57 5.0 S 107.4 W GALAPAGOS 1.5 5 50
255 SEP 6 15 43 35 6.4 S 105.8 W GALAPAGOS 0.8 4 45
256 SEP 6 16 S 50 56 S 108.9 W GALAPAGOS 0.3 4 35
257 SEP 6 17 10 45 S53.2 N 158.8 E KAMCHATKA 2.2 8 45
258 SEP 6 18 54 36 53.2 N 170.8 E KOMANDORSKIS l.4 9 34
259 SEP 6 20 23 37 53.0 N 1i36.8 W QUEEN CHARLCTTE 1.3 10 46
#260 SEP 6 21 9 18 4.9 ¢ 109.8 W PERU 2.3 9 65
261 StP 6 21 10 i1l 1.7 S 103.0 W GALAPAGOS 0.9 S5 52
#262 SEP 6 21 19 52 5.5 S 108.6 W GALAPAGOS 0.5 5 59
263 SEP 6 21 59 39 6.8 S 105.7 W GALAPAGOS Cel 4 45
264 SEP 6 22 3 15 Te4 S 103.7 W GALAPAGOS 0.4 4 35
265 SEP 6 23 21 1¢C 8.8 S 100.1 W GALAPAGOS 0.9 4 &5
266 SEP 6 23 135 11 5.6 S 108.1 W GALAPAGQOS O.4 4 43
267 SEP 7 0 20 11 7.3 S 103.8 W GALAPAGOS 0.3 4 52
268 SEP 7 1 27 32 17.8 N 124.4 £ TAIHAN 3.4 4 42
269 SEP 7 1 29 60 7.0 S 104.8 W GALAPAGOS l.1 4 41
270 SEP 7 2 4 36 46.2 N 144.5 E HCKKAIDO 0.8 b5 33
271 SEP 7 2 8 26 7.4 S 103.8 W GALAPAGOS 1.3 4 34
272 SEP 7 2 21 33 6.8 S 105.2 W GALAPAGOS 0.4 4 36
#273 SEP 7 3 40 46 20.2 N 123.4 E TAIWAN 1.1 7 59
#274 SEP 7 3 54 15 48.3 N 154.5 & KURILS 2.0 10 60
215 SFP 7 4 45 33 S58.T N 150.0 W KCDIAK ISLAND 0.8 5 35
276 SEP 7 5 8 41 52.7T N 159.2 £ KAMCHATKA 2.0 10 43
*277 SFP 7 T 43 58 N 152 W KCDIAK ISLAND 4 35
278 SEP 7 8 29 34 54.7T N 161.4 E KAMCHATKA 1.5 9 41
279 SFP 7 10 49 53 43.6 N 131.9 w CALIFORNIA 2.9 4 22
280 SEP 7 11 59 14 56.7 N 163.0 € KAMCHATKA 0.9 9 42
7?81 SFP 7 13 20 41 6.6 S 105.6 W GALAPAGOS 1.2 4 39
282 SEP 7 13 30 11 6.1 S 107.3 W GALAPAGOS 0.8 5 47
283 SkP 7 13 33 30 6.4 S 105.7 W GALAPAGOS Jed 5 48
284 SEP 7 13 33 56 6.0 S 106.8 W GALAPAGOCS 1.5 4 37
285 SFP 7 13 43 12 7.0 § 105.1 W GALAPACGS 1.1 5 50
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161.0
150.3
107.7
156,.2
127.7
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127.2
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138.8
152.3
105.9
164.4
145.6
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151.9
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161.8
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143.3
152.7
159.1
l144.1
143.5
1%1.1
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159.7
141
176.7
146.8
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179.3
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137.1
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N O 127.3
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115%.6
156.5
N o 12T7.4
N 127.4
Noo12T.4
N 127.3
N 1274
N 12T.4
N 127.4
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TARLE TITD / PACE 1

EXPLUSIONS LCCATED RY SGFAR ARRIVAL 17 1O 21 SEP 14944
ALEUTIAN AlZ DROvS

SER M D H M S LAT LONG AREA

(%]
jowr
=)

\ N
65 SEP 17 22 59 54 51,5 4 176.6
66 SEP 1T 23 14 54 S1.3 N 176.6
67 5P 17 23 31 36 S1.2 N 176.6
68 SEP 17 23 45 28 S1.0 N 176.6
69 SFP 18 0 30 29 S1.0 N 176.5
70 SEP 11 0 44 42 50.8 v 176.6
T1 S5cEP 14 I C 15 %0.7 i 176.6
T2 SEP 18 1 15 20 50.4 N 176.6
30 SEP 20 19 44 7 S1.5 N 178.3
79 SEP 20 20 23 8 51,2 N 177.9

EAST ALECUTIANS
EAST ALEUTIANS
EAST ALEUTIANS
EAST ALEUTIALS
EAST ALEUTIANS
cAST ALEUTIANS
EAST ALEUTIANS
EAST ALCUTIANS
EAST ALEBEUTIANS
EAST ALEUTIANS

11 73
11 %5
Il 43
11 o
13 71
13 72
12 73
13 72

10 63

mmﬂ‘:ttxt:rtzzzrztrzzr

PO D b et PN bt g et bt s s (DN N RO PG N PG W G e
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78 SCP 20 20 32 44 S51.4 N 177.5 CAST ALEUTIANS 75
77 SEP 20 20 46 57 51.5 5 177.2 EAST ALEUTTANS 7 61
16 SEP 20 21 32 47 S1.6 N 176.2 EAST ALEUTIANS 10 75
T4 SEP 20 21 56 8 5%2.0 N 17%.4 FAST ALEUTIANS ~3 10 55
73 SEP 20 21 59 56 51.9 N 174.8 EAST ALEUTIANS «1 11 56
75 SEP 20 22 36 33 S1.7 ! 175.9 EAST ALEUTIANS «3 11 74
81 SEP 20 23 23 25 51.4 N 178.7 EAST ALEUTIANS o7 11 59
82 SEP 20 23 52 26 51.2 N 175.4 EAST ALEUTIANS «8 11 b7
83 SEP 21 0 18 22 51.0 N 179.6 WEST ALEUTIANS -8 11 55
84 SEP 21 C 40 55 Si.5 N 178.9 WEST ALEUTIANS . 9 60
16 SEP 21 1 520 50.9 N 179.3 WEST ALEUTUANS «5 10 74
-C -0 -0 -C -0 -0 -0 -0

END-OF-DATA ENCOUNTERED OGN SYSTEM INPUT FILE.



Tevie IV

C&GS Epicenters Corresponding to Events in Tgble I

Date Tine Latitude Longitude h, Magnitude

(1964) (GMT) km (C&GS)
Aug. 15 02 29 28% c0.7T N 179.4 E 33 Loy
Avg, 17 12 L1 58% 50,0 N 17T1.8 W 3 k.5
Aug. 1T 16 38 Lb L 51.5 N 177.8 E 42 5.4
Aug. 17 Pl Ll L6 51.T ¥ 167.7 W 33 k.9
Aug. 27 03 10 19* SL,1 N 167.4 W 23 L3
Aug, 31 23 20 19.4 S2.4 K 170.7 W 33 5.2
Sep. 1 17 16 40,4 51,2 N 170.6 W 25 565
Sep. 4 18 37 32.6 51.7 N 17h.7 E 33 b4
Sep. 6 10 29 51.4 53.9 N 162,9 ! 23 _
Sep. 1k 11 35 Sh* 53.6 N 170.3 W 50 3.8
Sep. 16 3 32 2hx 51.6 N 173.8 W ks L2
Sep. 18 12 22 13.3 51.L N 179.9 W 33 L8

* HNotatinn of the Coasst snd Gendetic bSurvey.
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